Two-dimensional echocardiography and pulsed-Doppler studies have not proved to be reliable methods of assessing left-to-right shunt size in atrial septal defect. Doppler color-flow imaging displays the transatrial jet, providing a new dimension with the potential capability of quantifying left-to-right shunt size. Twenty-three patients with atrial septal defect were studied by color-flow imaging and cardiac catheterization. The defect size measured by two-dimensional echocardiography, the maximal color-flow jet width in the atrial septum, and the maximal color-flow jet area in the right atrium were correlated with cardiac catheterization-derived left-to-right shunt size. Correlation coefficients were 0.57 (p<0.01), 0.67 (p<0.001), and 0.65 (p<O.Ol), respectively. Atrial septal color-flow jet width distinguished patients with less than a 2:1 left-to-right shunt size ratio (eight patients, jet width <15 mm in all) from patients with greater than a 2:1 left-to-right shunt size ratio (15 patients, jet width >15 mm in all). These results indicate that Doppler color-flow imaging can distinguish left-to-right shunt size in atrial septal defect accurately enough to influence decisions with regard to subsequent patient management. (Circulation 1988;78:522-528) 
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However, these early studies were largely confined to patients with a clinically detected ASD, who would therefore tend to have large (>2: 1) left-to-right (Qp/Qs) shunts. In a study of 39 ASD patients with a small (<2: 1) left-to-right shunt, who were followed for 5-21 years (mean, 11.6 years), there was no evidence of deterioration.4 This presumed better prognosis of the patient with a small ASD has led some researchers to recommend closure of the ASD only when it exceeds a certain magnitude of shunting, varying from 1. Three specific measurements were taken. Defect size (mm) (from the two-dimensional echocardiogram) was measured in the same view as that used to assess jet width and jet area but with the color flow switched off. Jet width at the interatrial septum (mm) was measured inside the atrial septum along the line of the atrial septum, which was often not perpendicular to the long axis of the transatrial jet ( Figure 1 ). Jet area was measured in the right atrium (cm2).
These three measurements were made by retrospective frame-by-frame analysis from the videotape, and they represent the mean of the three clearest maximum measurements from three separate cardiac cycles. The measurements ofjet width and jet area were both chosen to represent the Doppler color-flow image of transatrial flow in ASD. A single measurement of each, rather than the mean value over one cardiac cycle, was chosen because we were interested in finding a simple representative measurement to correlate with Qp/Qs. The maximum measurement of each was chosen to enhance reproducibility and to minimize the chance of selecting a measurement in which all flow was not being demonstrated because of a poor acoustic window or improper beam alignment.
In addition, right ventricular maximal diastolic minor axis dimensions in the apical four-chamber view (mm) and peak pulmonary artery velocity (m/ sec) were also determined.
Observer Variability
Mean interobserver variability was assessed for the determination of defect size, jet width, and jet area; this was 5.9 mm (3-11 mm), 3.5 mm (0-8 mm), and 4.2 cm2 (0.9-8.5 cm2), respectively. One patient with jet width less than 15 mm was diagnosed as having a jet width greater than 15 mm by the second observer. There was concordance in the other seven patients with jet width less than 15 mm. Mean intraobserver variability for jet width was 2 mm (0-8 mm). 
Results
Left-to-Right Shunt Size (Qp/Qs) Defect size. The correlation between defect size, determined by two-dimensional echocardiography alone, and Qp/Qs is shown (Figure 2 , top). The r value of 0.57 (p = 0.0065) decreased to 0.43 (p = 0.06) when the patient with a Qp/Qs of 8.8 was omitted from the statistical comparison. When the patients were grouped together, the mean value of defect size in patients with a Qp/Qs less than 2:1 was significantly different from patients with a Qp/Qs greater than 2: 1 (Table 1) , but there was too much overlap for this to be clinically useful (Figure 2 , bottom).
Jet width. The correlation between jet width and Qp/Qs is shown in Figure 3 9 have also reported on the hemodynamic significance of the size of the ASD. Dexter' reported an inverse correlation between the size of the ASD and the transatrial pressure gradient. When the defect was small (<16 mm diameter or <2 cm2), the normal 5-mm Hg pressure gradient from the left to the right atrium was maintained to a variable degree, depending on the size of the defect. With defects of over 2 cm2, the pressure difference between the two atria was practically abolished.
The relation between ASD size and Qp/Qs has been studied by Forfar and Godman,9 and they found a poor, but significant, correlation between ASD diameter (determined by balloon sizing at cardiac catheterization) indexed to body surface area and Qp/Qs (r= 0.49, p<0.01).
The accurate determination of ASD diameter by two-dimensional echocardiography alone is technically difficult because of normal "septal dropout" and because of the high resolution required to display the true edges of a septal defect. Forfar and Godman9 compared two-dimensional echocardiography sizing of the ASD with balloon sizing at cardiac catheterization and found too much overlap for two-dimensional echocardiography alone to permit accurate ASD sizing. In addition they, like us, found much overlap in defect size between patients with less than 2: 1 Qp/Qs and greater than 2: 1 Qp/ Qs, and this may also partly reflect the inaccuracy of ASD sizing by two-dimensional echocardiography alone. Transesophageal echocardiography may better define the atrial septum to allow for a more accurate determination of ASD size as reported in a recent preliminary study20 that showed a correlation (r=0.66, p<0.05) between defect size and surgical measurement.
In our study, strongest correlation occurred between jet width in the atrial septum and Qp/Qs. The correlation coefficient was 0.67 with all patients, and it was 0.71 when the patient with an 8.8: 1 shunt was excluded from statistical comparisons. A pos- There are several reasons, both practical and theoretical, that make the assessment of jet width an attractive, noninvasive marker of Qp/Qs. First, it is a single measurement and has less chance of error than previously described echocardiographic and Doppler methods that require several measurements. Interobserver and intraobserver error by the reader of the study was relatively small. We did not address the error that may accrue from different sonographers performing the study, however, and this methodology may produce further error. Second, jet width may be precisely measured because the exact position of the jet is defined by the atrial septum. Third, it can detect even small ASDs, barely larger than a patent foramen ovale (which measures 2-5 mm5); the smallest defect size in our study was 8 mm, with a 5 mm jet width. Fourth, it represents a more accurate method of measuring ASD size than two-dimensional echocardiography alone. In our study, jet width was larger than defect size in seven patients, indicating an underestimation of defect size by two-dimensional echocardiography in these patients, which represented 30% of our patient population. Thus, jet width provides an accurate assessment of the functional size of the ASD, which is probably the main determinant of Qp/Qs, and not ASD size.9
It is important to emphasize the technical aspects of the color-flow study with respect to obtaining the correct views and measurement of the transatrial jet. The transatrial jet flow is displayed as maximally as possible, and among patients, the optimal view may vary, consisting of an apical fourchamber view, a parasternal four-chamber view, an oblique short-axis view, or a subcostal view. The jet is measured inside the atrial septum, along the line of the visualized ASD (i.e., along a line drawn from the upper and lower ends of the atrial septum).
We found a significant correlation between jet area and Qp/Qs, but there was too much overlap for this to be clinically useful. 
